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10 20 30 40 30 
1234567890 1234567890 1234567890 1234567890 1234567890 
AAGCTTACCA TGGCTTICCTC TATGCTCTCT TCCGCTACTA TGGTIGCCIC 50 
K LTM As S MLS SATM VAS 





TCCGGCICAG GCCACTATGG TCGCICCTTT CAACGGACTT AAGTCCICOG 100 
PAQ ATM V APF NGL KS SA 


CIGCCTTCCC AGCCACCCGC AAGGCTAACA ACGACATTAC TICCATCACA 150 
AF P ATR KANN DIT STITT 


AGCAACGGCG GAAGAGITAA CIGTATGCAG GIGIGGCCTC CGATTGGAAA 200 
SN GG RVN CM Q VW PP IGK 


GAAGAAGTIT GAGACTCTCT CITACCTICC TGACCTTACC GATTCCGGTG 250 
KK F ETL S&S ¥YuRP DET ps 6G 


GICGCGTCAA CIGTATGCAG GCTATGGCTG AGAACCACAA GAAGGTTGGT 300 
RV N CMQ AM AE N HK K V G 


ARICGCIGGAG CIGGAATCGT TGGTGTTTGC ACTGCTTICA TGCTTCAACG 350 
IAGA GtIV GVc TALM LQR 


TCGIGGATTC AAGGTTACCT TGATTGATCC AAACCCACCA GGTGAAGGTG 400) 
RGF KVTLIODP NPP GEGA 


CTTCTITCGG TAACGCIGGT TGCTICAACG GTTCCTCCGT TGTTCCAATG 450 
5S FG NAG CFNG $S V VP SM 


TCCATGCCAG GAAACTTGAC TAGCGTTICCA AAGIGGCTIC TGGATCCTIGT 500 
SMPGNLTt SVP KWLL DP V 


TGICAATTC 509 


VN 
FIG. 7A 
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AACCATCATG CCTIGGTIGA TICGITTICIT GCTIGCIGGA AGACCAAACA 100 
T IM PWLI RFL LDBAG RPN K 


AGGIGAAGGA GCAAGCTAAG GCACICCGTA ACCTCATCAA GICCACIGIG 150 
V KE QA K ALRN LIK STV 


CCTTTGAICA AGTCCTIGGC TGAGGAGGCT GATGCTAGCC ACCTTATCCG 200 
Pb IK SLA EEA DASH LTR 


TCACGAAGGT CACCTTACCG TGTACCGTGG AGAAGCAGAC TICGCCAAGGS 250 
H EG HLTV Y RG EAD FA KD 


ACCGIGGAGG TIGGGAACTT CGICGICTICA ACGGIGTTOG TACTCAAATC 300 
RGG WEL RROUN GVR TOQTI 


CICAGOGCIG ATGCATTIGCG TGATTTCGAT CCTAACTIGT CICACGCCIT 350 
L SAD ALR DFOD PNLS BAF 


TACCAAGGGA ATCCTTATCG AAGAGAACGG TCACACCATC AACCCACAAG 400 
T KG ITLIE ENG HTINPQG 


GICTCGIGAC TCICTIGITT CGICGTTICA TCGCTAACGG TGGAGAGTTC 450 
LVT LLUF RREFIANG GEF 


GIGICIGCIC GIGTTATCGG ATICGAGACT GAAGGICGTG crercaaacG «0 09 
, 6 AR Yt ¢ F Ef EGRA 4K 


TATCACCACC ACCAACGGTG TICTIGCIGT TGATGCTGCA GIGTIGIGAA 550 
It T TNGV LAV DAA VOL. I 


TIC 3 


FIG. 7B 
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10 20 30 40 50 
1234567890 1234567890 1234567890 1234567890 1234567890 
AAGCTTACTG CAGTIGTIGC AGCTGGTIGCA CACTCCAAGT CICTIGCTAA 30 
K LTA VVA AGA HS KS LAN 





CTCCCITGGT GATGACATCC CATTGGATAC CGAACGTGGA TACCACATCG 100 
Ss 6G DDITIP & pT ERG YuHTYV 


TGATCGCCAA CCCAGAAGCT GCTCCACGTA TICCAACTAC CGATGCTICT 150 
I AN P EA APR I PTT DAS 


GGAAAGTTCA TCGCTACTCC TATGGAGATG GGICTTIOGIG TIGCTGGAAC 200 
GK F I ATP MEM GLRV AGT 


CGTTGAGTIC GCIGGICTICA CIGCIGCTCC TAACTIGGAAG CGTGCICACG 250 
V EF AGtL«ewrt? aA P iN WK RAH V 


TICTCTACAC TCGIGCICGT AAGTITGCTIC CAGCICICGC TCCTGOCAGT 300 
LY T RAR KLLP ALA PAS 


TCTGAAGAAC GITACTCCAA GIGGATGGGT TTCOGICCAA GCATCCCAGA 350 
SEER ¥ SK WMG FRPS TPD 


TICCCTICCA GIGATIGGTIC GIGCIACCCG TACTCCAGAC GITATCTACG 400 
SLP VIGR ATR TPDVIYA 


CITICGGICA CGGTCACCIC GGTATGACTG GTGCICcaAAT Gaccccaace «=O #00 
FGH GHL GMTG APM TAT 


CICGTITCTG AGCTICCTICGC AGGTGAGAAG ACCTCTATCG ACATCTCICC 300 


{VS ete LEA GEER F SLD TS PF 


ATICGCACCA AACCGITICG GIATIGGTAA GICCAAGCAA ACTGGICCTG 550 
FAP N RFG IGkK S KQ TGPA 


CATCCTAAGG TACCGAATTC 570 
S ,. 6 T & Ff 


FIG. 7C 
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ATCICTTATC TCCAATCICT CGAAATCCAG TCAACGCAAA TCTICCCTTAT 100 
SLI SNLS KSS QOQRK SPLS 


CGGTTTCTCT GAAGACGCAG CAGCATCCAC GAGCTTATC® GATTTCGICG 150 
VSbLKTO @ HPR AYP IS &S 


TCGIGGGGAT TGAAGAAGAG TGGGATGACG TIAATIGGCT CTGAGCTIOCGS 200 
SsSWGLkKxK Ss GMT LIGs ELR 


TCCICTITAAG GICATGICIT CIGITTCCAC GGCGIGTATG CTTCACGGIG 250 
PBK VMS S VST ACM LHGA 


CAAGCAGCCG TCCAGCAACT GCTCGTAAGT CCTCIGGICT TICTGGAACC 300 
$5 R PAT AR KS SGL SGT 


GICCGTATIC CAGGIGACAA GICTATCICC cACAGGICCT TcaTcITias 0-50 
V RIP GDK 81IS HRS F MFG 


AGGICTCGCT AGCOGIGAAA CICGTATCAC CGGICTTTIG GAAGGTGAAG 400 
GLA SGET RIT GLL EGED 


ATGTTATCAA CACIGGTAAG GCTATGCAAG CTATGGGTGC caccarccTg «= 80 
VIN TGK AMQA MGA RIL 


TIGIGAATTC 460 
ly sy & 


FIG. 10A 


Case 1:04-cv-00305-SLR Document 293-3 Filed 02/10/2006 Page 21 of 53 
U.S. Patent Apr. 30, 2002 Sheet 18 of 30 US 6,380,463 B1 





10 20 30 40 50 
1234567890 1234567890 1234567890 1234567890 1234567890 
AAGCTTAGGA TCCGTAAGGA AGGIGATACT TGGATCATIG ATGGIGITGG 50 
KL RI RKE GODT WIIOD GVG 





TAACGGIGGA CICCTTGCIC CTGAGGCTICC TCICGATTIC GGTAACGCTG 100 
NGG LLbAP EAP LDF GNAA 


CAACTGGTIG CCGITIGACT ATGGGICTTG TIGGIGITIA CGATTICGAT 150 
T Gc RLT MGLUV GVY DF OD 


AGCACTTICA TIGGIGACGC TICICTCACT AAGCGICCAA TGGGTCGIGT 200 
S TF I GDA SLT KRPM GRY 


GTTGAACCCA CTTICGCGAAA TGGGTGTGCA GGTGAAGICT GAAGACGGTG 250 
L NP LREM GVQ VK S ED GD 


ATCGTCTICC AGTTACCTTG CGTGGACCAA AGACTCCAAC GCCAATCACC 300 
Rb P Vt kB GP KR Te? Ft PLT 


TACAGGGTAC CTATGGCITC CGCICAAGTIG AAGTCOGCTG TICTGCTTae 350 
YRVP MAS AQV KSAV LLUA 


TGGTCTCAAC ACCCCAGGTA TCACCACIGT TATCGAGCCA ATCATGACTC 400 
GLN TPGI TTtV ITEP IM TR 


GTIGACCACAC TGAAAAGATG CITCAAGGIT TYGGIGCTAA CCTTACCGTT 450 
DHT EK M LQGF GAN LTV 


GAGACTGATG CIGACGGIGT GOGTACCATC CGTCTIGAAG GICGTGGTAA S00 
ET DA DGV RTI RLEG RG K 


GCTCACCGGT CAAGIGATTG ATGTTCCAGG TGATCCATCC TCIACTIGCIT 550 
Lb TG @VIiD VPG DPS STAE 


TCCCATTGGT TGCTGCCTITG CITGTICCAG GITCCGACGT CACCATCCIT 600 
PE V AA L LbLvVePG &$ OV TTL 


AACGITTTGA TGAACCCAAC CCGTACTGGT CTCATICTIGA CTCTGCAGTG 650 
NV LM NPT RTG LIL? bac 
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BAGCTTCIGC AGGAAATGGG TGCCGACATC GAAGIGATCA ACCCACGICT 
K LLOQ EMG ADI BEVIN PRE 


TGCIGGIGGA GAAGACGTGG CIGACTTGCG TGTICGTICT TCIACTFIGA 
AGG EDVA DLR VRS STLE 


AGGGIGTTAC TGTTCCAGAA GACCGTGCTC CITCTATGAT CGACGAGTAT 
GVgT VPE DRAP SMI DEY? 


CCAATICTCG CIGITGCAGC TGCATTCGCT GAAGGIGCTA CCGTTATGAA 
P ILA VAA AFA EGAT VMN 


CGGTTIGGAA GAACTCCGTG TTAAGGAAAG CGACOGTCIT TCTGCIGICG 
GLE BLRV KES DRG S AVA 


CAAACGGTICT CAAGCTCAAC GGIGTTGAIT GCGATGAAGG TGAGACTICT 
NGL KLN GVODC DEG ETS 


CICGICGIC GIGGTICGTCC TGACGGTAAG GGICICGGTA ACGCTICIGG 
LVVR GRP DGK GLGN ASG 


AGCAGCTGIC GCTACCCACC TCGATCACCG TATCGCTATG AGCTTCCICG 
AAV ATAL DBHR TAM SFEULUV 


TTATGGSICT CGITICIGAA AACCCTGTTA CIGTIGAIGA TGCTACTATG 
MGLVSE NPVTVDD ATM 


ATCGCTACTA GCTICCCAGA GITCATGGAT TIGATGGCTG GICTTGGAGC 
IAT S F PB FMD LDMAG LGA 


TAAGATCGAA CTCICCGACA CIAAGGCTGC TTGATGAGCT CGAATTC 
K IELSsS DT KAA... A RE 
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INDUCIBLE HERBICIDE RESISTANCE 


The present invention relates to DNA constructs and 
plants incorporating them. In particular it relates to promoter 
sequences for the expression of genes which confer herbi- 
cide resistance on plants 

Recent advances in plant biotechnology have resulted in 
the generation of transgenic plants resistant lo herbicide 
application. Herbicide tolerance bas been achieved using a 
range of different transgenic strategies. One well docu- 
mented example is the use the bacterial xenobiotic detoxi- 
fying gene phosphinothricin acety] transferase (PAT) from 
Streptomyces hydroscopicus. Mutated genes of plant origin, 
for example the altered target site gene encoding acctolac- 
tate syothase (ALS) from Arabidopsis, have been success- 
fully utilised to generate transgenic plants resistant to her- 
bicide application. The PAT and ALS genes have been 
expressed under the control of strong constitutive promoter. 

We propose a system where genes conferring herbicide 
tolerance would be expressed in an inducible manner depen- 
dent upon application of a specific activating chemical. This 
approach has a oumber of benefits for the farmer, including 
the following: 

1 Inducible control of herbicide tolerance would alleviate 

any risk of yield penalties associated with high levels of 
constitutive expression of herbicide resistance genes. 
This may be a particular problem as carly stages of 
growth where high Ievels of transgene product may 
directly interfere with normal development. Alierna- 
lively high levels of expression of herbicide resistance 
genes may cause a metabolic drain for plant resources. 
The expression of herbicide resistance genes in an 
inducible manner allows the herbicide in question to be 
used to control volunteers if the activating chemical is 
omitted during treatment. 
The use of an inducible promoter to drive herbicide 
resistance genes will reduce the risk of resistant weed 
species becoming a major problem. If resistance genes 
were passed onto weed species from related crops, 
control could still be achieved with the herbicide in the 
absence of inducing chemical. This would particularly 
be relevant if the tolerance gene confirmed resistance to 
a total vegetative control herbicide which would be 
used (with no inducing chemical) prior to sowing the 
crop and potentially after the crop has been harvested. 
For example, it can be envisaged that herbicide resis- 
lance in cereals, such as wheal, might outcross into the 
weed wild oats or that berbicide resistance in oi] seed 
rape or canola could be transferred to wild brassicas 
thus conferring herbicide resistance 1o these already 
troublesome weeds A further example is that the induc- 
ible expression of herbicide resistance in sugar beet 
will reduce the risk of wild sugar beet becoming a 
problem. 

Several gene regulation systems (gene switches) are 
known and may be used for conferring inducible herbicide 
resistance on plants. Many such gene switches are described 
in the review by Gatz (Curent Opinion in Biotechnology 
(1996) 7, 168-172) and include systems such as the telra- 
cycline repressor gene switch, the Lac repressor system, 
copper inducible systems such as that based on ACE 1, 
salicylic acid inducible promoters including the PR-la sys- 
lem and systems based on sterioid hormones such as the 
glucocorlicoid, progesterone and oestrogen receptor sys- 
tems. Modifications of the glucocorticoid receptor systems 
which include the GAL 4 binding domain from yeast and the 
VP 16 activator are described by Aoyama et al, The Plant 
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Cell, (1995) 7, 1773-1785 and it is envisaged that similar 
systems may based on, for example insect steroid hormones 
rather than on mammalian steriod hormones. Indeed, a 
system based on the ecdysone receptor of Heliothis vire- 
scens has recently been described. Benzene sulphonamide 
gene switching systems are also known (Hershey et al, Plant 
Mol. Biol., 17, 679-690 (1991) as are systems based on the 
alcR protein from Aspergillus nidulans and glutathione 
S-transferase promoters 

Several genes which confer herbicide resistance are also 
known, for example, one herbicide to which resistance genes 
have been described and which is extremely widely used is 
N-phosphonomethy!-glycine (glyphosate) and its agricultur- 
ally acceptable salts including the isopropylamine, 
trimethylsulphonium, sodium, potassium and ammonium 
salts. 

In a first aspect of the present invention there is provided 
a chemically inducible plant gence expression cassette com- 
prising an inducible promoter operatively linked to a target 
gene which confers resistance to a herbicide. 

Any herbicide resistance gene may be used but genes 
which confer resistance to N-phosphonomethyl-glycine or 
salts or derivatives thereof are especially preferred. 

Several inducible promoters may be used to confer the 
inducible resistance and these include any of those listed 
above.. 

However, a particularly useful gene switch for use in this 
area is based on the alcR regulatory protein from A spergil- 
luis nidulans which activates genes expression from the alcA 
promoter in the presence of certain alcohols and ketones. 
This system is described in our International Pateat Publi- 
cation No. WO93/21334 which is incorporated herein by 
reference 

The alcA/alcR gene activation system from the fungus 
Aspergillus nidulans is also well characterised. The ethanol 
utilisation pathway in A. nidulans is responsible for the 
degradation of alcohols and aldehydes. Three genes have 
been shown to be involved in the ethanol utilisation path- 
way. Genes alcA and alcR have been shown to lie close 
together on linkage group VII and aldA maps to linkage 
group VII (Pateman J H et al, 1984, Proc Soc Lond, 
B217:243-~264; Sealy-Lewis E M and Lockington R A, 
1984, Curr. Genet, 8:253-259). Gene alcA encodes ADHI in 
A. nidulans and aidA encodes aldDH, the second enzyme 
responsible for ethanol utilisation. The expression of both 
alcA and aldA are induced by ethanol and a number of other 
inducers (Creaser E H et al, 1984, Biochemical J. 
255:449--454) via the transcription activator alcR. The alcR 
gene and a co-inducer are responsible for the expression of 
alcA and aldA since a number of mutations and deletions in 
alcR resull in the pleiotropic loss of ADH] and aldDH 
(Felenbok B et al, 1988, Gene, 73:385-396; Pateman et al, 
1984; Scaly-Lewis & Lockington, 1984) The ALCR protein 
activates expression from alcA by binding to three specific 
sites in the alcA promoter (Kulmberg P ct al, 1992, J. Biol. 
Chem, 267:21146~21153) 

The alcR gene was cloned (Lockington R A et al, 1985, 
Gene, 33:137-149) and sequenced (Felenbok et al, 1988). 
The expression of the alcR gene is inducible, autoregulated 
and subject to glucose repression mediated by the CREA 
repressor (Bailey C and Arst HN, 1975, Eur. J Biochem, 
51:573-577; Lockingion R A et al, 1987, Mol. 
Microbiology, 1:275-281; Dowzer C E A and Kelly J M, 
1989, Curr. Genet, 15:457-459; Dowzer C E A and Kelly J 
M, 1991, Mol Cell Biol, 11:5701-5709) The ALCR regu- 
latory protein contains 6 cysteines near its N terminus 
coordinated in a zine binuclear cluster (Kulmberg P et al, 
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1991, FEBS Letts, 280:11-16). This cluster is related to 
highly conserved DNA binding domains found in transcrip- 
tion factors of other ascomycetes. Transcription factors 
GAL4 and LAC9 have been shown to have binuclear 
complexes which have a cloverleaf type structure containing 
two Zn(II) atoms (Pan T and Coleman J E, 1990, 
Biochemistry, 29:3023-3029; Halvorsen Y D C et al, 1990, 
J, Biol. Chem, 265:13283~13289) The structure of ALCR is 
similar to this type except for the presence of an asymmetri- 
cal loop of 16 residues between Cys-3 and Cys-4. ALCR 
positively activates expression of itself by binding 1o two 
specific sites in its promoter region (Kulmberg P et al, 1992, 
Molec. Cell. Biol, 12:1932~1939) 

The regulation of the three genes, alcR, alcA and aldA, 
involved in the ethanol utilisation pathway is at the level of 
transcription (Lockington et al, 1987; Gwyane D et al, 1987, 
Gene, 51:205~-216; Pickett et al, 1987, Gene, 51:21 7-226). 

There are two other alcohol dehydrogenases present in A. 
nidulans. ADHII is present in mycelia grown in non-induced 


media and is repressible by the presence of ethanol. ADHII 2 


is encoded by alcB and is also under the control of alcR 
(Sealy-Lewis & Lockington, 1984). A third alcohol deby- 
drogenase has also been cloned by complementation with a 
adh-strain of S. cerevisiae. This gene alcC, maps to linkage 
group VII but is unlinked to alcA and alcR. The gene, aicC, 
encodes ADHIII and utilises ethanol extremely weakly 
(McKnight G Let al, 1985, EMBO J, 4:2094-2099). ADHHI 
has beea shown to be involved in the survival of A. nidulans 
during periods of anaerobic stress. The expression of alcC is 
not repressed by the presence of glucose, suggesting that it 
may not be under the contro! of alcR (Roland L J and 
Stromer J N, 1986, Mol. Cell. Biol, 6:3368-3372). 

In summary, A. nidulans expresses the enzyme alcobol 
dehydrogenase 1 (ADH1) encoded by the gene alcA only 
when it is grown in the presence of various alcohols and 
ketones. The induction is relayed through a regulator protein 
encoded by the alcR gene and constitutively expressed. In 
the presence of inducer (alcohol or ketone), ihe regulator 
protein activates the expression of the alcA gene. The 
regulator protein also stimulates expression of itself in the 
presence of inducer. This means that high levels of the 
ADH enzyme are produced under inducing conditions (i¢ 
when alcohol or ketone are present). Conversely, the alcA 
pene and its product, ADH], are not expressed in the 
absence of inducer. Expression of alcA and production of the 
enzyme is also repressed in the presence of glucose 

Thus the alcA gene promoter is an inducible promoter, 
activated by the alcR regulator protein in the presence of 
inducer (i¢ by tbe protein/alcohol or protein/ketone 
combination) The alcR and alcA genes (including the 
respective promoters) have been cloned and sequenced 
(Lockington R Act al, 1985, Gene, 33:137-149; Felenbok B 
et al, 1988, Gene, 73:385-396; Gwynne et al, 1987, Gene, 
51:205~216) 

Alcohol dehydrogenase (adh) genes have been investi- 
gated in certain plant species. In maize and other cereals 
they are switched on by anaerobic conditions. The promoter 
region of adh genes from maize contains a 300 bp regulaiory 
element necessary for expression under anaerobic condi- 
tions. However, no equivalent to the alcR regulator protein 
has been found in any plant. Hence the alcR/alcA type of 
gene regulator system is not known in plants Constitutive 
expression of alcR in plant cells does not result in the 
activation of endogenous adb activity. 

According to a second aspect of the invention, there is 
provided a chemically-inducible plant gene expression cas- 
setle comprising a first promoter operatively linked to an 
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alcR regulator sequence which encodes an alcR regulator 
protein, and an inducible promoter operatively linked to a 
larget gene which confers herbicide resistance, the inducible 
promoter being activated by the regulator protein in the 
presence of an effective exogenous inducer a whereby 
application of the inducer causes expression of the target 
gene. 

The inducible promoter is preferably derived from the 
alcA gene promoter but may, alternatively be derived from 
aleR, aidA or other alcR-induced genes. 

We have found that the alcA/alcR switch is particularly 
suited to drive herbicide tolerance genes for at least the 
following reasons. 

1. The alcA/alcR switch has been developed to drive high 
levels of gene expression In addition, the regulatory 
protein alcR is preferably driven from a strong consti- 
tutive promoter such as polyubiquitin. High levels of 
induced transgene expression, comparable to that from 
a strong constitutive promoter, such as 35 CaMV, can 
be achieved. 

2. If a gene switch is to be used in a situation where the 
activating chemical is applied simultaneously with lhe 
herbicide, a rapid elevation in the levels of herbicide 
resistance gene is required. FIG. 1 reveals a time course 
of marker gene expression (CAT) following application 
of inducing chemical. This study shows a rapid increase 
(2 hours) of CAT expression following foliar applica- 
tion of inducing chemical. The immediate early kinet- 
ics of induction are brought about be expressing the 
regulatory protein in constitutive manner, therefore no 
lime lag is encountered while syatbesis of transcription 
factors takes place. In addition we have chosen a simple 
iwo component system which does not rely on a 
complex signal transduction system. 

3. We have tested the specificity of alcA/alcR system with 
a range of solvents used in agronomic practice. A 
hydroponic seedling system revealed that ethanol, 
butan-2-ol and cyclohexanone all gave high levels of 
induced reporter gene expression (FIG. 2). In contrast 
when the alcohols and ketones listed in Table | in 
which are used in agronomic practice were applied as 
a foliar spray only ethanol gave high levels of induced 
reporter pene activily (FIG 3) 


TABLE 1 

ennai entrar aise remit 

3. Isobuty] methy! ketone 33. acelony! acetone 

2, Fenchone 14. JF5969 (cyclohexanone) 

3. 2-heplagone 15. N-melbyt pyrrolidone 

4, Di-isobulyl kelone 16. polyethylene glycol 

3, 5-methyl-2-hexanone 17 propylene glycol 

6. 5-methylpentan-2,4-diol 18. acetophenone 

7. ethyl methyt ketone 19. T4400 (methylcyclohexanonc) 

8. 2-pentanone 20. propan-2-al 

9 glycerol 21. butan-2-0] 

10. y-butyrolactone 22 ocetone 

31. diacetone alcohol 23. ethonol 

32 telrahydrofurfury! alcohol = 24. dH,O 











This is of significance since illegilimate induction of trans- 
genes will not be encountered by chance exposure to for- 
roulation solvents. Ethanol is not a common componcat of 
agrochemical formulations and therefore with appropriate 
spray management can be considered asa specific inducer of 
the alc A/R gene switch in a field situation. 

4 A range of biotic and abiotic stresses for example 
pathogen infection, heat, cold, drought, wounding, 
flooding have all failed to induce the alcA/alcR switch. 
In addition a range of non-solvent chemical treatments 
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> 
for example salicylic acid, ethylene, absisic acid, auxin, 
gibberelic acid, various agrochemicals, all failed to 
induce the alcA/alcR system. 

The first promoter may be constitutive or tissue-specific, 
developmentally-programmed or even inducible. The regu- 
lator sequence, the alcR gene, is obtainable from Aspergil- 
luis nidulans, and encodes the alcR regulator protein. 

The inducible promoter is preferably the alcA gene pro- 
moter obtainable from Aspergilluis nidulans or a “chimeric” 
promoter derived from the regulatory sequences of the alcA 
promoter and the core promoter region from a gene pro- 
rooter which operates in plant cells (including any plant gene 
promoter). The alcA promoter or a related “chimeric” pro- 
moter is activated by the alcR regulator protein when an 
alcohol or ketone inducer is applied 

The inducible promoter may also be derived from the 
aldA gene promoter, the alcB gene promoter or the alcC 
gene promoter obtainable from Aspergillus nidulans 

The inducer may be any effective chemical (such as an 
alcohol or ketonc). Suitable chemicals for use with an 
alcA/aicR-derived cassette include those listed by Creaser et 
al (1984, Biochem J, 225, 449-454) such as butan-2-one 
(ethy! methyl ketone), cylcohexanone, acetone, bulan-2-ol, 
3-oxobutyric acid, propan-2-ol, ethanol. 

The gene expression cassette is responsive to an applicd 
exogenous chemical inducer enabling external activation of 
expression of the target gene regulated by the cassette. The 
expression cassette is highly regulated and suitable for 
general use in plants. 

The two paris of the expression cassette may be on the 
same construct or on separale constructs. The first part 
comprises {he regulator cDNA or gene sequence subcloned 
into an expression vector with a plant-operative promoter 
driving its expression. The second part comprises al least 
part of an inducible promoter which controls expression of 
a downstream target gene. In the presence of a suitable 
inducer, the regulator protein produced by the first part of the 
cassette will activate the expression of the targel gene by 
stimulating the inducible promoter in the second part of the 
cassette. 

In practice the construct or constructs comprising the 
expression cassette of the invention will be inserted into a 
plant by transformation. Expression of target genes in the 
construct, being under control of the chemically switchable 
promoter of the invention, may then be activated by the 
application of a chemical inducer to the plant. 

Any transformation method suitable for tbe target plant or 
plant cells may be employed, including infection by Agro- 
bacterium tumefaciens containing recombinant Ti plasmids, 
electroporation, microinjection of cells and protoplasts, 
microprojectile transformation and pollen tube transforma- 
on. The transformed cells may then in suitable cases be 
regenerated into whole plants in which the new nuclear 
material is stably incorporated into the genome Both trans- 
formed monocot and dicot plants may be obtained in this 
way. 

Examples of genetically modified plants which may be 
produced include field crops, cereals, fruit and vegetables 
such as: canola, sunflower, tobacco, sugarbeet, cotton, soya, 
maize, wheal, barley, rice, sorghum, tomaloes, mangoes, 
peaches, apples, pears, strawberries, bananas, melons, 
polatoes, carrot, lettuce, cabbage, onion 

The invention further provides a plant cell containing a 
gene expression cassetle according to the invention. The 
gene expression cassette may be stably incorporated in the 
plant’s genome by transformation. The invention also pro- 
vides a plant issue or a plant comprising such cells, aod 
plants or seeds derived therefrom 
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The invention further provides a method for controlling 
plant gene expression comprising transforming a plant cell 
with a chemically-inducible plant gene expression cassette 
which bas a first promoter operatively linked to an alcR 
regulator sequence which encodes an alcA regulator protein, 
and an inducible promoter operatively linked to a target gene 
which confers herbicide resistance, the inducible promoter 
being activated by the regulator protein in the presence of an 
effective exogenous inducer whereby application of the 
inducer causes expression of the target gene. 

This strategy of inducible expression of herbicide resis- 
lance can be achieved with a pre-spray of chemical activator 
or in the case of slow acting herbicides, for example 
N-phosphonomethy!l-glycine (commonly known as 
glyphosate), the chemical inducer can be added as a tank 
mix simultaneously with the herbicide. 

This strategy can be adopted for any resistance conferring 
gene/corresponding, herbicide combination. For example, 
the alcA/alcR gene switch can be used with: 

1. Maize glutathione S-transferase (GST-27) gene (see our 
International Patent Publication No W0O90/08826), 
which confers resistance to chloroacetanilide herbi- 
cides such as acetochlor, metolachlor and alachlor. 

2. Phosphinotricin acetyl transferase (PAT), which confers 
resistance to the herbicide commonly known as giufo- 
sinate. 

3. Acetolactate synthase gene mutants from maize (see 
our international Patent Publication No WO90/14000) 
and other genes, which confer resistance to sulpbonyl 
urea and imadazlonones, 

4. Genes which confer resistance to glyphosate. Such 
genes include the glyphosate oxidoreductase gene 
(GOX) (see International Patent Publication No. 
W092/00377 in the name of Monsanto Company); 
genes which encode for 5-enolpyruvyl-3- 
phosphoshikimic acid synthase (EPSPS), including 
Class I and Class If EPSPS, genes which encode for 
mutant EPSPS, and genes which encode for EPSPS 
fusion peptides such as that comprised of a chloroplast 
transit peptide and EPSPS (see for example EP 218 
571, EP 293 358, WO91/04323, WO92/04449 and 
W092/06201 in the name of Monsanlo Company); and 
genes which are involved in the expression of CPLyase. 

Various further preferred features and embodiments of the 
present invention will now be described in the non-limiting 
examples set out below and with reference to the drawings 
in which: 

FIG. 1 illustrates the time course of marker gene expres- 
sion (CAT) following application of inducing chemical; 

FIG. 2 illustrates the levels of induced reporter gene 
expression on root drenching wilh a range of solvents; 

FIG. 3 illustrates the levels of induced reporter gene 
activity when the chemicals listed in Table 1 were applied as 
a foliar spray; 

FIG. 4 illustrates the production of the 355 regulator 
constmict by ligation of alcR cDNA into pJRI 

FIG. 5 illustrates the production of the reporter construct, 

FIG. 6 is a summary of the casseties and specific plant 
transformation constructs; 

FIG. 7 illustrates the chloroplast transit sequence 1 from 
Arabidopsis RUBISCO (CPT 1)(SEQ ID NO: 1-SEQ ID 
NO: 6); 

FIG. 8 shows the sequence of plasmid pMJB1 (SEQ ID 
NO: 8 and SEQ ID NO: 9); 

FIG. 9 is a map of plasmid pJRIi; 

FIG. 10 illustrates the chloroplast transit sequence CTP2 
from EPSPS class I gene from Petunia hybrida (SEQ ID 
NO: 10-SEQ ID NO:15); 
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FIG. 11 is a map of plasmid pUB-1; 
FIG. 12 is a map of plasmid pMF6, 
FIG. 13 is a map of plasmid pIE109 in which the numbers 
are in base pairs (not to scale) and the following abbrevia- 
tions are used: 


meee ARRAN ON ERAN EEN IN, 


ADH, Alcobot dehydrogenase from maize; 

PAT Phosphinothricin acety! transferase (Basta resistance gene); 
AMP Ampicillin resistance gene; 

CaMV 355 Cauliflower mosaic virus 35S promoter, 

nos Poly A Nopaloine synthase poly A region; 


ori ColE1 origin of replication from pUC 


rrr reuse Hin ASAP RAHA 


FIG. 14 is a map of plasmid pMV1 in which the numbers 
are in base pairs (not drawn to scale) and the abbreviations 
are as for FIG. 13 with the following additional abbrevia- 
tions: 














UBQ, Maize ubiquitin promoter; 

UBQ, Maize ubiquitin intron; 

nos Nopaline synthase 3° terminator, 

CZPi GOX Chloroplast transit peptide - glypbosnte oxidase 
sequence; 

CZP2 GPSPS Chloroplast transit peptide ~ EPSP synthelase sequence; 


tne enn HAHN RReamttSNHT He RRRRAANARHAT ANH 


FIG 15 shows the preparation of plasmid pUC4 by 
ligation of pAr3 and pBSSK, 

FIG 16 is a map of plasmid pMV2 in which the numbers 
are in base pairs (not drawn to scale) and the abbreviations 
are as for FIG. 14 with the following additional abbrevia- 
tions: 


tt NLC NNN NN HL NENT NN, 


AlcA Aspergillus nidulans aicA promoler, 
Aick Aspergillus nidulans alcR promoter, 


ee 








FIG 17 is a map of plasmid pDV1-pUC, 

FIG. 18 is a map of plasmid pDV2-pUC; 

FIG. 19 is a map of plasmid pDV3-pUC; 

FIG. 20 is a map of plasmid pDV4-Bin; 

FIG. 21 is a map of plasmid pDV5-Bin; and 

FIG. 22 is a western Blot showing the expression of 
EPSPS and GOX in transformants. 


EXAMPLES 


We have chosen to exemplify the alcA/alcR gene switch 
with genes conferring resistance to glyphosate. The switch 
will be used to drive inducible expression of glyphosate 
oxidase (GOX) in plants. Switchable GOX has been 
expressed alone or in conjunction with constitutive expres- 
sion of 5-enol-pyruvylsbikimate 3-phosphate (EPSPS) CP4 
Constructs have been oplimised for expression in mono- 
cotyledonous and dicotyledonous crop species. 


Example 1 


Production Of The aicR Regulator Construct 


The alcR genomic DNA sequence bas been published, 
enabling isolation of a sample of alcR cDNA. 

The alcR cDNA was cloned into the expression vectors 
pJRi(pUC). pJR1 contains the Cauliflower Mosaic Virus 
35S promoter. This promoter is a constitutive plant promoter 
and will continually express the regulator protein, The nos 
polyadenylation signal is in the expression vector. 
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FIG. 4 illustrates the production of the 35S regulator 
construct by ligation of alcR cDNA into pJR1. Partial 
restriction of the alcR cDNA clone with BamHI was fol- 
lowed by electrophoresis in an agarose gel and the excision 
and purification of a 2.6 Kb fragment. The fragment was 
then ligated into the pJR1 vector which had been restricted 
with BamHI and phosphatased to prevent recircularisation. 
The alcR gene was thus placed under control of the CaMV 
458 promoter and the nos 3‘ polyadenylation signal in this 
“35S-alcR” construct. 


Example 2 


Production Of The alcA-CAT Reporter Construct 
Containing The Chimeric Promoter 


The plasmid pCaMVCN contains the bacterial chloram- 
phenicol transferase (CAT) reporter gene between the 355 
promoter and the nos transcription terminator (the “35S- 
CAT” construct), — 

The alcA promoter was subcloned into the vector pCaM- 
VCN to produce an “aleA-CAT" construct. Fusion of part of 
the alcA promoter and part of the 355 promoter created a 
chimeric promoter which allows expression of genes under 
its control. 

FIG. 5 illustrates the production of the reporter coustruct. 
The alcA promoter and the 35S promoter have identical 
TATA boxes which were used to link the two promoters 
together using a recombinant PCR technique: a 246 bp 
region from the alcA promoter and the 5' end of the CAT 
gene from pCaMVCN (containing part of the ~70 core 
region of the 35S promoter) were separately amplified and 
then spliced together using PCR. The recombinant fragment 
was then restriction digested with BamHI and Hindil. The 
pCaMVCN vector was partially digested with BamHI and 
Hindlll, then electrophoresed so that the correct fragment 
could be isolated and ligated to the recombinant fragment. 

The ligation mixtures were transformed into £ colt and 
plated onto rich agar media. Plasmid DNA was isolated by 
miniprep from the resultant colonies and recombinant clones 
were recovered by size electrophoresis and restriction map- 
ping. The ligation junctions were sequenced to check that 
ihe correct recombinants bad been recovered. 


Example 3 


Glypliosate Resistance Constructs 


A summary of the cassettes and specific plant transfor- 
malion constructs is shown in FIG. 6. 
Dicot Vector 1 

Vector 1 is a constitutive control plasmid containing the 
glyphosate oxidase gene (GOX) fused to the chloroplast 
lransit sequence 1 from Arabidopsis RUBISCO (CPT 0) 
(FIG. 7) driven by the enhanced 355 CaMV promoter (ES) 
and the TMV omega translational enhancer sequence 
(TMV). Vector 1 utilizes the nopoline synthase terminator 
(nos). The syathetic GOX gene with the addition of CTP 1 
was synthesised with information from patent publication 
W092/00377 with addition of Ncol site at the translation 
start ATG, and a Kpn | at the 5 cad, Internal Sph I sites and 
Neol site were deleted during synthesis with no change in 
amino acid usage. The CTP 1 GOX synthesised sequence 
was isolated as a Nco | Kpn J fragment and ligated using 
standard molecular cloning techniques into Ncol Kpni cut 
pMJB1, a plasmid based on pIBT 211 containing the CaMV 
35 promoter with duplicated enbancer linked 10 the tobacco 
mosaic virus translational enhancer sequence replacing the 
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tobacco etch virus 5' non-traaslated leader, and terminated 
with the nopaline synthase poly (A) signal (nos) (FIG. 8) 

Acassetic containing enhanced 35 CaMV TMV sequence 
CTP 1 GOX and nos terminator (dicot vecior 1 pUC FIG. 
17) was isolated as a Hindll] EcoRil fragment and ligated 
into Hind IH EcoRI cut pJRH, a Bin 19 base plant transfor- 
mation vector (FIG. 9) 

Dicot Vector 2 

The synthetic EPSPS CP4 gene, fused to the chloroplast 
transit sequence CTP2 (FIG. 10) from EPSPS class | gene 
from Petunia hybrida, was syathesised with data from patent 
WO 92/04449 with Neol a! the translation initiation ATG. A 
internal Sph I site was silenced in the EPSPS CP4 gene with 
no change of amino acid usage. 

A fragment containing the synthetic CTP 2 CP4 EPSPS 
was isolated as a Neol Sac 1 fragment and ligated in to 
pMIBL. A fragment containing the CaMV 35 promoter with 
a duplicated enhancer, TMV omega sequence CTP 2 transit 
peptide, EPSPS and nos terminator was isolated as a EcoRI] 
Hind 1} fragment (dicot vector 2 pUC FIG. 18)and cloned 
into pIRH to give dicot vector 2 pUC (FIG. 18) 

Upon sequencing the junctions of dicot vector 2, an 
additional sequence was identified inserted between the Sacl 
site and the beginning of the nos terminator. This was as 
follows: 

5 AGG CTG CTT GAT GAG CTC GGT ACC CGG GGA 

TCC ATG GAG CCG AAT 3' (SEQ ID NO: 16) 
Dicot Vector 3 

A control vector with both EPSPS and GOX genes was 
constructed by culting dicot vector 2 with EcoRI and insert- 
ing an AEcoRI Sph I AEcoRI linker. The sequence of the 
linker is shown below: 

5' AAT TAG GGG CAT GCC CCT 3' (SEQ ID NO: 17) 

The resultant vector was cut with Sph I to liberate the 
casseite B which was cloned into an Sphl site in dicot vector 
1), 5' to the 35 CaMV promoter. Cassettes 1) and 2) were 
then excised as a HindlII and EcoRI fragment from dicot 
vector 3-pUC (FIG. 19) and cloned in to pJRH. 

Dicot Vector 4 

An inducible GOX vector was constructed by excising the 
CAT gene from “paleCAT” as Psif fragment. The vector 
band, containing the alcA promoter and nos terminator was 
gel purified and used in ligations with a Pstl-Xhol-Kpal-Pstl 
linker, the sequence of which is as follows: 

5'GCC ACT CGA GCT AGG TAC CCT GCA3' (SEQ ID 

NO: 18) 

The orientation of this was confirmed by sequence analy- 
sis The TMV omega and CTPI GOX sequence from dicot 
vector 1) were isolated as a Xho! Kpai fragment and cloned 
into the alcA nos vector containing the Xbol-Kpnl-Pstl 
linker. The alcA TMV CTP1 GOX nos cassette was excised 
as a Hindlll fragment and cloned into the plant transforma- 
lion vector “p35S-alc R”, containing the alcR cDNA nos 
terminator under the control of the 35 CaMV promoter to 
form dicot vector 4 (FIG. 20) 

Dicot Vector 5 

Dicot vector 5 (FIG. 22) containing inducible GOX and 
constitutive EPSPS genes was prepared using the following 
cloning strategy. Dicot vector 2 (pDV2-pUC) was modified 
by closing in a AfcoRI-HindHI-AEcoRI linker into the 
EcoRI site to allow excision of the CaMV en-CTP2-EPSPS- 
nos cassette as a Hindi] fragment. This fragment was then 
ligated into Hindili cut pDV4-Bin. Recombinants contain- 
ing all three cassettes ic 355-AlcR, CaM Ven-CTP2-EPSPS- 
nos and AMcA-CTP1-GOX-nos were selected by bybrid- 
ization with radiolabelled oligonucleotides. Confirmation of 
orientation was done by sequencing across all borders 
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Monocot Vectors 
Vector i: Cassette D 
An EcoRI-Notl-EcoR] linker 


(S'AATICATTTGCGGCCGCAAATG3)(SEQ ID NO: 19) 
was inserted into dicot vector pDVI. The plasmid was cut 
with NcoI and the 5' overhang filled-in with DNA Poly- 
merase I Klenow fragment. The linear vector was then cul 
with Not! and the resulting blunt/Notl fragment containing 
the CTP] GOX and nos terminator was ligated into a 
Smal/Notl digested pPUB1 vector (FIG. 12) containing the 
polyubiquitin promoter, polyubiquitin intron with a Kpni- 
NotI-Kpnl linker (5'CATTTGCGGCCGCAAATGGTAC3') 
(SEQ ID NO: 20) insertion. A HindIll-NotI-Hindlll linker 
(SAGCTTGCAGCGGCCGCTGCA3'(SEQ ID NO: 21) 
was inseried into the resulting construct. 

Vector 1: Cassette E 

An EcoRI-NotI-EcoRI linker 
(SSAATICATTTGCGGCCGCAAATG3'X{SEQ ID NO:19) 
was inserted into dicot vector pD V2. The plasmid was cut 
with NcoI and the 5’ overhang filled-in with DNA Poly- 
merase ] Kienow fragment. The linear vector was then cut 
with Noll and the resulting blunt/Not! fragment containing 
the CTP2 EPSPS and nos terminator was ligated into a 
Smal/Noil digested pPUB1 vector containing the polyubig- 
uilin promoter, polyubiquitin intron with a Kpnl-Notl-Kpnl 
linker (S'CATTTGCGGCCGCAAATGGTAC3 (SEQ ID 
NO:20) insertion to create plasmid 1. The PAT selectabic 
marker cassette (35S CAMV promoter, Adhl intron, phos- 
phinothricin acetyl transferase gene (PAT), nos terminator) 
was excised from pIE108 (FIG. 14) and cloned into the 
Hindli] site on plasmid 1 to give mononcot cassette E. 
Diagnostic restriction digestion was used to confirm that the 
selectable marker cassette was inserted 5° to 3‘ in the same 
orientation as the CTP2 EPSPS cassetic. 

A fragment containing the polyubiquitin promoter, poly- 
ubiquitin intron, CTPi GOX and nos terminator was excised 
from cassette D with Noll and ligated into Noti cassette E to 
form monocot vector 1 (FIG. 14). Restriction digestion was 
used to confirm that the two cassettes were inserted in the 
same orientation. 

The selectable marker cassetic (35 CaMV promoter, Adhl 
intron, phosphinothricia acetyl transferase gene (PAT), nos) 
was excised from pIE108 and cloned into the Hind Il site 
in 5) to give monocot cassette E 

Vector 1 

A fragment containing the polyubiquitin promoter, poly- 
ubiquitin intron GOX and nos was exised from cassette D 
with Notl and cloned into Not! cut cassette E, to form 
monocot vecior 1. 

Vector 2 Cassette F 

An EcoRI fragment from pUC4 (FIG 15) containing the 
alcR cDNA and nos terminator sequences was blunt end- 
filled with DNA Polymerase | Klenow fragment, ligated into 
pUB1 with the Kpnl-Notl-Kpnl linker insertion and orien- 
tated by restriction analysis. The PAT selectable marker 
cassette was inserted in the HindIII site after excision from 
plE108 and orientated by restriction analysis to create vector 
1 Plasmid 1 above containing the polyubiquitin promoter, 
polyubiquitin intron, CTP2 EPSPS and nos terminator was 
cut with HisdIII and a AHindHI-Notl-HindIII linker: 

5'AGCTCGCAGCGGCCGCTGCA3' (SEQ ID NO: 22) 

5'GCGTCGCCGGCGACGTTCGA3' (SEQ ID NO: 23) 
inserled and orientated by sequencing to create vector 2. 

A Clal-Ncol-Clal linker 
(5';CGAIGCAGCCATGGCTIGCAT3'(SEQ ID NO: 24) 
was inserted into pMF6 (FIG. 13) to give vector 3. An 
Ncol/Kpnl fragment containing CTP1 GOX was excised 
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from pDV1 and inserted into Ncol/Kpni cut vector 3 to 
create vector 4. A Sall fragment containing the maize Adbl 
intron, CTP1 GOX was excised from vector 4 and ligated 
into Sali cut pUC2 containing the alcA promoter and nos 
terminator and orientated by sequencing to create vector 5. 
A Hindli] fragment from vector 5 containing the alcA 
promoter, maize Adbl intron, CTP1 GOX and nos terminator 
was ligated into Hindlll cut vector 2 and orientated by 
restriction digestion. A Not] fragment from the resulting 
construct containing polyubiquitin promoter, polyubiquitin 
intron, CTP2 EPSPS, nos terminator, alcA promoter, maize 
Adhl intron, CTP1 GOX and nos terminator was ligated into 
Noti cut vector 1 and orientated by restriction analysis to 
create monocot vector 2 (FIG. 16). 


Example 4 


Plant Transformation 


Plasmids for dicot transformation were transferred to 
Agrobacterium tumefaciens LBA4404 using the freeze thaw 
method described by Holsters et al 1978. 


Jobacco transformants were produced by the leaf disc 
method described by Bevan 1984. Shoots were regenerated 
on a medium containing 100 mg/l kanamycin. After rooting 
plants were transferred to the glasshouse and grown under 
16 b light/B h dark conditions. 


Oilseed rape (Brassica napus cv westar) transformations 
were performed using the cotyledon petiole method 
described by Moloncy ct al 1989. Sclection of transformed 
material was performed on kanamycin (15 mg/l). Rooted 
shoots were transferred directly to a soil based compost and 
grown to maturity under controlled glasshouse conditions 
(16 h day 20° C. day, 15° C. night 60% RH). 


Maize transformation was performed using the particle 
bombardment approach as described by Klein et al 1988 
Selections were performed on 1 mg/l biolophos. 


Sugar beet transformation was performed using the guard 
cell protoplast procedure see our International Patent Pub- 
ication No. WO95/10178 


Results showing details of the transgenic plants obtained 
are shown in Tables 2 and 3 below 


TABLE 2 








Transformation Details For Tobacco 

















Vector Species Shoots removed Rooted 
pDV1 Tobacco 150 57 
pDV2 Tobacco 150 60 
pDV3 Yohacco 270 77 
pDV4 Tobacco 350 135 
pbv5s Tobacco 150 78 
TABLE 3 
Transformation Details in Oil Sced Rane 

Vector Species Shooting Calli Rooted 
pbV1 OSR 14 shoots from 14 
pDV2 OSR 13 shoots from 13 
pDV3 OSR 8 shoots from 18 
pbov4 OSR 20 shoots [rom 20 
pDV5 OSR 19 shoots from 18 
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Example 5 


Transgenic Plant Analysis 
Polymerase Chain Reaction (PCR) 

Genomic DNA for PCR analysis of transgenic plants was 
prepared according to the s& method described by Edwards 
et at 1992. PCR was performed using conditions described 
by WL. Jepson et at, Plant Molecular Biology Reporter, 9(2), 
131-138 (1991). Primer sets were designed for each of the 
introduced cassettes. 

The plants were analysed using the following oligomucle- 
otide combinations: 

pDV1 TMV1+GOX1, GOX3+nos1 

pDV2 TMV1+EPSPS1, EPSPS3+nos1 

pDV3 EPSPS3+GOX1 

pDV4 35S+AlcR1, AlcA2+GOX1 

pDV5 35S+AlcR1, AlcA2+GOX1, TMV1+EPSPS1 
Oligonucleotide sequences are given below: 


(SEQ ID NO:25) 

THV1 5 ‘CTCGAGTATT'TY TACAACAATTACCAACA 

(SEQ ID No:26) 
GOX1 5S AATCAAGGTAACCTTGAATCCA 

{SEQ ID NO:27) 
GOX3 5 ACCACCAACGGIGTICTTGCIGTIGA 

{SEQ ID No:28) 
NOGL 5 'GCATTACATGTTAATTATTACATGCTT 

{SEQ ID NO:29) 
EPSPS1 5 GTGATACGAGTTTCACCGCTAGCGAGAC 

(SEQ ID NO:30) 
EPSPS3 5 ‘TACCTIGCGTGGACCAAAGACTCC 

{SEQ ID NO:31)} 
35§ 5'GTCAACATGGTGGAGCACG 

(SEQ ID NO:32} 
AleR1 5'GIGAGAGTITATGACTGGAGGCGCATCA 

{SEQ ID NO:33) 


AlcA2 8 'GTCCGCACGGAGAGCCACAAACGA 


Selection on Glyphosate 


Kill Curves for Tobacco var Samsun and Brassica napus vat 
Westar on glyphosate 


Both species were tested on a range of glyphosate con- 
centrations by inserting, in the case of tobacco a 5-6 mm 
stem segment carrying a leaf node and in the case of oi! seed 
rape the growing Hp plus two leaves into MS medium 
containing glyphosate at 0, 0 0055, 0.011, 0.0275, 0.055 and 
0.01 mM glyphosate isopropylamine salt. The results were 
scored after two weeks growth us and are given in Table 4 
below. 























TABLE 4 
Cenc = Water Tobacco 
6 Good stem growth, 4-5 new leaves, roots up to As OSR 
5 em 

0.005 No stem growth, 1 new leaf, roots to 1 cm No growth 
in any 
organ 

0.013 No stem growth, no new leaves, roots ~ 0.5 cm No growth 
in way 
organ 

00275 No stem growth. no new Jenves, rools ~ 2 mm No growth 
in ony 
organ 

0055 No growth in any organ, ends of stem blackened No growth 
in any 


organ 
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13 
TABLE 4-continued 
Cone Water Tobacco 
001 As for 0.055 mM No growth 
in ony 
organ 





Selection for glyphosate tolerant transformants was per- 
formed on glyphosate concentrations of 0.01 and 0.05 mM. 
Constitutively Tolerant Plants 

Following from the data obtained on wild type plants, 
pDV1, 2 and 3 PCR+ve primary transformants were 
screened on MS medium containing glyphosate at the levels 
described above. For tobacco this was done by inserting 
three or four stem sections per transformant into the medium 
and using untransformed Samsun as control. Scoring was 
based on the behaviour of the majority, Plants showing 
tolerance at the higher concentration of herbicide were 
grown on to maturity in the glass house, for seed collection. 
Segregation Test 

Seeds were sterilized in 10% bleach for 10 min. After 
several washes in sterile water 200 seeds were sown on %4 
MS medium (2.3 g/l MS salt, 1.5% sucrose, 0 8% Bactoagar, 
pH 5.9) containing 100 mg/l kanamycin. Seeds were grown 
at 26° C. with 16 hours/8 hours light/dark prior to scoring. 
Western Analysis 


Antibody Generation 


GOX and EPSPS protein were over expressed in £. Coli 
using a pET expression system Following IPTG induction 
GOX and EPSPS were electro eluted from the shake flask 
grown ceil paste and used to immunise rabbits (two animals 
per clenc). 


Preparation of Tissue Extracts for Immunoblotting 


120 mg of leaf tissue plus 60 mg PVPP and 500 yl 
extraction buffer (50 mM Tris-HCI pH 8, 1 mM EDTA, 03 
mM DIT) were ground with a blender for several minutes. 
After homogenisation the extract was centrifuged at 15,000 
rpm for 15 min. The supernatant was stored at -80° C. until 
required. Protein concentrations in the extract were mea- 
sured according to Bradford 


SDS-PAGE and Immunoblotting 


25 pz protein were separated by SDS-PAGE. The running 
buffer was 144% (w/v) glycine, 1% (wiv) SDS and 3% 
(w/v) Tris Base. The samples were loaded according to 
Laeromii. 

After SDS-PAGE proteins were electroblotted overnight 
with 40 mA onto nitrocellulose (Hybond™ C, Amersham) 
using an electroblot unit from Biorad. The membrane was 
stained in 0.05% CPTS dissolved in 12 mM HCL Blots were 
rinsed in 12 mM HC} and destained for 5-10 min in OS M 
NaHCO, followed by an intensive rinse with H,O. Mem- 
branes were then blocked, immunodetected and washed 
according to the Amersbam ECL kit. Indirect immunode- 
tections were performed with a 1:10000 dilution of a rabbit 
anti-GOX or anti-EPSPS polyclonal as first antibody and 
with a 1:1000 dilution of an anti-rabbit second antibody, 
associated with horseradish peroxidase. An additional wash 
was carried out overnight to eliminate background. Detec- 
tion was performed using the ECL. kit from Amersham and 
the results are shown in FIG 22 in which Lane (1) is the 
control and the remaining lanes are transformants. The 
westers analysis demonstrates that some transformants are 
capable of expressing GOX and EPSPS 
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Constitutively Tolerant Plants 


Cell extracts were prepared from each glyphosate tolerant 
plant and the amount of expresssed protein estimated by 
western analysis using antibody appropriate to the transfor- 
mant. Plants expressing very high levels of GOX or EPSPS 
were lested on higher levels of glyphosate to relate level of 
expression to herbicide tolerance 


Inducibly Tolerant Plants 


To demonstrate inducible tolerance to glyphosate PCR 
positive primary transformants from the transformations 
with pDV4 and 5 were transferred directly to the glass 
house. After two weeks the plants were induced by an 
ethanol root drench (5% solution) and left for 24 hours prior 
to western analysis performed to assess level of expression 
of GOX after induction. After a period of time to allow the 
plants to return to the uninduced state, the western analysis 
was repeated to allow selection of inducibly tolerant plants. 
Plants which showed the highest levels of GOX expression 
foliowing ethanol treatment were taken forward to time 
course analysis, GOX levels were assessed at 6, 12, 18, 24, 
36, 48 hours following ethanol treatment, by western analy- 
sis. 

High expressing GOX plants for both pDV4 and pDV5 
were used in plass house trials 10 demonstrate inducibie 
glyphosate tolerance. Plants were induced using a range of 
ethanol concentrations (1-15%) by root drench application 
to pot grown plants. Following GOX induction plants were 
sprayed with glyphosate. Wild type controls and uninduced 
plants were also treated with herbicide. 

Northern Analysis 

Primary transformants containing dicots vector 2), 3). 
and 5). were analysed by northern blot analysis—using a 
CTP2 EPSPS probe as a Neol Sac I fragment. Primary 
transformants conlaining the dicot vectors 1). 3). were 
analysed by northern blotting using a CTP] GOX probe as 
a Neol Kpal fragment. Similarly, transgenic corm lines 
containing monocot vectors 1). and 2). were analysed using 
a CTP2 EPSPS probe 

Transformants containing dicot vector 5}. or monocot 
vector 2). were treated wilh a foliar application of 5% 
ethanol to induce GOX levels. RNA was isolated 24 hours 
after treatment and subjected to northern analysis with a 
CTP1 GOX probe. 

Primary transformants which were PCR positive for the 
appropriate cassettes and showed GOX or EPSPS transcript 
levels were taken for further analysis 
Glyphosate Oxidoreductase Assay 

Assays for glyphosate oxidoreductase were carried out as 
described by Kishore and Barry (WO 92/00377). These 
entailed measuring glyphosate—dependent uptake of oxy- 
fen using an oxygen electrode, detection of glyoxylate 
formation by reaction with 2,4-dinitrophenylhydrazine and 
determination of the hydrozone using HPLC or, preferably, 
using [3-'“C]-glyphosate as the substrate and detecting the 
formation of radioactive aminomethyl phosphonic acid via 
HPLC on an anion exchange column. 

EPSPS Assay 

Assays for 5-enol-pyruvylsbikimate-3-phosphate (EPSP) 
synthase activity in plant extracts were carried out (1) by 
following the disappearance of the phosphoenol pyruvate 
substrate (as described by Rubin, J. L., Gaines, C. G and 
Jensen, R.A, in Plant Physiol (1984 75, 839-845) or (2) by 
conducting the assay in the reverse direction and coupling to 
pynivate kinase and lactate dehydrogenase (as described by 
Mousdale D. M and Coggins J. R. in Planta (1984) 160, 
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78-83) or (3) by using 14(-labelled phosphoenol pynivate as 
substrate and detecting the formation of radioactive EPSP by 
HPLC on an anion exchange column and detecting using a 
flow-through radioactivity detector as described by Della- 
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<3 60> 


<2i0> 
<Z11> 
<212> 
<213> 
<220> 
<221> 
<222> 


<400> SEQUENCE: 


aag 
Lys 
1 


tet 
Ser 


tcc 
Ser 


ate 
Tie 


att 
Tle 
65 


gat 
Asp 


aag 
Lys 


ttg 
Lew 


cca 
bro 


tec 
Ser 
145 


aag 
Lys 


ett ace atg 
Beu Thr Met 


ecg 
Pro 


gqct 
Ala 


aca 
The 
50 


ggo 
Gly 


tcc 
Ser 


ag 
Lys 


atyg 
Met 


cca 
Pro 
130 


tec 
Ser 


tgg 
Trp 


got 
Ala 


geo 
Ala 
35 


age 
Ser 


Rag 
Lys 


ggt 
Gly 


gtt 
Val 


ett 
Leu 
135 


ggt 
Gly 


gtt 
Val 


ett 
Leu 


cag 
Gln 
26 


Phe 


NUMBER OF SEQ ID NOS; 


SEQ ID NO i 
LENGTH: 
TYPE: 
ORGANISM: 
FEATURE: 

NAME/ KEY: 
LOCATION: 


509 
DNA 


Arabidopsis 


cbs 
{1} .+{507) 


gat cet gtt 
Asp Pro Val 
165 


<210> SEQ ID NO 2 
<21i> LENGTH: 169 
<2Z12> TYPE: 
<213> ORGANISM: Arabidopsis 


PRT 


<400> SEQUENCE: 2 


Lys Leu Thr Met Ala Ser Ser 


L 


5 


Ser Pro Ala Gin Ala The Met 


20 


SEQUENCE LISTING 


33 


sp. 


atg 
Met 


gtc 
Val 


cgc 
Arg 
40 


gtr 
Val 


act 
Thr 


tgt 
cys 


get 
Ala 


tte 
Phe 
128 


ttc 
Phe 


atg 
Met 


gtg 
Val 


ete 
Leu 


get 
Ala 
25 


aag 
Lys 


aac 
Asn 


cte 
Leu 


atg 
Met 


gga 
Gly 
105 


aag 


Lys 


ggt 
Gly 


cca 
Pro 


aat 
Asn 


tot 
Ser 
10 


ect 
Pro 


get 
Ala 


tgt 
Cys 


tet 
Ser 


cag 
Gin 
30 


ate 
Iie 


gtt 
Val 


aac 
Asn 


gga 
Gly 


te 


4 te 
Pp he 


a ac 
A sn 


a tg 
Moet 


g tt 
Vai 


acc 
T br 


got 
Ala 


aac 
Asn 


aac 
Asn 


cag 
Gin 
6G 


ett 
Lew 


atg 
Met 


ggt 
Gly 


ttg 
Leu 


act atg gtt gee 
Thre Met Val Ale 
15 


gga ctt aag tcc 
Gly Leu Lys Ser 
30 


gac att act tec 
Asp fhe Thr Ser 
45 


gtg tgg oct ceg 
Vai Trp Pro Pro 


ect geac ctt ace 
Pro Asp Leu Thr 


get gag aac cac 
Ala Glu Asn His 


gtt tge act get 
Vel Cys Thr Ala 


att gat cca aac 
Ile Asp Pro Asn 


g ct ggt tgc tte aac ggt 
A la Gly Cys Phe Asn Gly 


140 


aac ttg act age gtt cra 
A sn Leu Thr Ser Val Pro 


455 


160 


Met Leu Sec S er Ala Thr Met Val Ale 


10 


15 


Val Ala Pro P he Asn Gly Leu Lys Ser 


25 


30 


48 


96 


192 


240 


288 


336 


3B4 


432 


480 


509 


16 
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Ser Alm Aln Phe Pro Ala Thr Arg Lys Ala Asn Asn Asp Ile Thr Ser 


Tle 


ile 
65 


Lew 


<210> 
<2hi> 
<212> 
<213> 
<220> 
<221> 
<222> 


<400> 


aag 
Lys 


Thr 
$6 


Gly 


Ser 


Lys 


Ket 


Pro 
130 


Ser 


Trp 


ett 
Leu 


ace 
Thre 


aag 
Lys 


gtg 
Val 
50 


ate 


Tle 


gee 
Ala 


act 
Thre 


tet 
Ser 


atc 
Zie 
130 


aac 
Asn 


ggt 


a5 


Ser 


Lys 


Gly 


Val 


Leu 
115 


Gly 


Val 


Leu 


acg 
Thre 


ate 
Tle 


gtg 
val 
35 


cet 


Pro 


egt 
Arg 


aag 
Lys 


caa 
Gin 


cac 
His 
115 


aac 
Asn 


ggt 
Gly 


egt 


Asn 
Lys 
Gly 
Gly 
100 
Gln 
Glu 


Val 


Leu 


DRA 


FEATURE: 
NAME/ KEY: 
LOCATION: 


SEQUENCE: 


gat 
Asp 


gct 


Gly 


Lys 


Arg 


as 


Tle 


Arg 


Gly 


Pro 


Asp 
165 


SEQ ID NO 3 
LENGTH: 553 
TYPE: 
ORGANISM: 


Gly 


Ala 


Arg 


Ala 


Ket 


150 


Pro 


Arg 
55 

Glu 
Asn 
Gly 
Gly 
Ser 
435 


Ser 


Val 


Arabidopsis 


CDs 


(1). (549) 


3 


ete 


atg 
Met. 


tgg 
Trp 


caa 
Gin 


aag 
Lys 


ggt 
Gly 
70 


gga 
Gly 


age 
Ser 


acc 
The 


ggt 
Gly 


ttc 
Phe 
150 


aag 


ggt 
Gly 


ttg 
Leu 


gct 
Ala 


tec 
Ser 
55 


cae 


His 


ggt 
Gly 


get 
Ala 


aag 
Lys 


ote 
Leu 
435 


gtg 
Val 


ggt 


40 


Val 


Thr 


cys 


Ala 


Phe 


120 


Phe 


Met 


Val 


sp. 


Asn 


Leu 


Met 


Pro 


Asn 


ttg 
heu 


egt 
arg 
25 


gea 


Ala 


get 
Ala 


ace 
Thr 


gaa 
Glu 


gee 
Ala 
105 


ate 
Tle 


act 
Thr 


get 
Ala 


acc 


cys 


Ser 


Val 


Asn 


Gly 


tcc 
Ser 
10 


ttc 
Phe 


cte 
Leu 


gag 
Glu 


gtg 
Val 


ett 
Len 
99 


tty 
beu 


ett 
Leu 


cte 
Leu 


ogt 
Arg 


acc 


4s 


Met Glin Val Trp Pro Pro 
6G 


T yr Leu Pro Asp Leu Thre 
75 ao 


A la Met Als Glu Asn His 
95 


Val Gly Val Cys Thr Ala 
110 


Thr Leu tle Asp Pro Asn 
125 


A la Gly Cys Phe Asn Gly 
140 


Abn Lew Thre Ser Val Pro 
155 160 


tte 
Phe 


ttt 
Phe 


tac 
Tyr 
15 


age 
Ser 


ceca 
Pro 


get 
Ala 


gga 
Gly 
30 


aga 
Arg 


ate 
Ile 


tee 
Ser 


cte 
Leu 
45 


aag 
Lys 


cac 
His 


gat 
Asp 


gct 
Ala 


agc 
Ser 


gga 
Gly 


gaa 
Glu 


gca 
Ala 


gac 
Asp 
bo 


cte 
Tau 


aac 
Asn 


gtt 
val 


ggt 
Gly 
95 


ttc gat 
Phe Asp 
110 


ect 
Pro 


aac 
Asn 


eac 
Asn 


cac 
His 


gaa gag 
Glu Glu 
125 


ggt 
Gly 


t tg ttt cgt 
Leu Phe Arg 
140 


tte 
Phe 


ate 
Tle 


egt 
Arg 


tte 
Phe 


g tt ate gga 
Val Ile Gly 
155 


gag act 
Glu Thr 

160 
a ce sac got 


gtt ett gct 


48 


96 


144 


192 


240 


288 


336 


394 


432 


480 
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19 


-~continued 


Glu Gly Arg Ala Leu Lys Gly Tle Thr Thr T hr Asn Gly Vol Leu Ala 


165 


gtt gat get gta qtg ttg tga 
Val Asp Ala Ala Val Leu 


igo 


<210> SEQ ID NO 4 
<2ll> LENGTH: 182 
<212> TYPE: 
<213> ORGANISM: 


PRT 


<400> SEQUENCE: 


Val 


<21 
<2 


<212> 
<213> 
<220> 


<22 


<222> 


<40 


aag 
Lys 


get 


Leu Thr Asp 


The 


Thr 
Ser 
The 
130 
Asn 


Gly 


Asp 


G> 


Tle 


Val 


35 


Pro 


Arg 


Lys 


Gin 


Hie 


115 


Asn 


Gly 


Arg 


Ala 


Het 

20 
Lys 
beu 
His 
Asp 
Tle 
100 
Ala 
Pre 
Gly 


Ala 


Ala 
280 


Arabidopsis 


Glu 


Ile 


Glu 


Arg 


B5 


Leu 


Phe 


Gln 


Gin 


Leu 


165 


Val 


SEQ ID NO 5 


l> LENGTH: 570 


TYPE: DNA 
ORGANISM: Arabidopsis 
FEATURE: 


l> NAME/REY? 


G> 
ett 


Leu 


tec 
Ser 


gtg 
Val 


tot 
Ser 
56 


998 


act 
The 


ott 
Leu 


ate 
Ila 
35 


gge 
Gly 


acc 


LOCATION: 


SEQUENCE: 


gea 
Ala 


ggt 
Gly 
20 


gee 
Ala 


nag 
Lys 


gtt 


cds 


Met Gly 
Trp Leu 
Gin Ale 
Lys Ser 
Gly His 
70 
Gly Gly 
Ser Ala 
Thr Lys 
Gly Leu 


195 


Phe Val 
158 


Lys Gly 


Leu 


{2} ~- (870) 


5 


gag 


gtt gece 
Val Ala 


gac ate 
Asp Ile 


cea gaa 
Pro Glu 


ate get 
tle Ala 
55 


tte got 


attic 


Pro 


Ser 


ile 


gct 
Ala 


eca 
Pro 


get 
Ala 
40 


act 
The 


ggt 


Leu 
Arg 

25 
Ala 
Ala 
Thr 
Glu 
Ala 
105 
tle 
Thr 


Ala 


Thre 


ggt 
Gly 


ttg 
Leu 
25 


get 
Ala 


ect 
Pre 


cte 


170 


Glu 


Val 


Leu 


90 


Leu 


Leu 


Leu 


arg 


Thr 
170 


goa 
Ala 
10 


gat 
Asp 


ceca 
Pro 


atg 
Met 


act 


I le 


L eu 


Arg 


G ly 


Tyr 


75 


A rg 


Arg 


Tile 


Leu 


Asn 


Ala 


60 


Arg 


Arg 


Asp 


Glu 


Phe Ser 


Ala Gly 


Leu Asn 


Phe Asp 
110 


Glu Aen 


128 


Leu Phe Arg Arg 


140 


Val Ile Gly Phe 


155 


i75 


tyr 
15 

Arg 
Lys 
Ser 
Ala 
Gly 
95 

Pro 
Gly 


Phe 


Glu 


Phe 


Pra 


Ser 


His 


Asp 


BO 


Val 


Asn 


His 


Tie 


Thr 


160 


Thr Asn Gly Val Leu Ala 


e ac 


a GG 
T hr 


& gt 
Arg 


ten 
Ser 


gaa 
Glu 


att 
Tle 


aag tet 
Lys Ser 


175 


ott 
Leu 


15 


egt gya 
Arg Gly 
30 


cea act 
Pro Thr 


45 


g ag atg ggt ctt 
G lu Het Gly Leu 
60 


g et get crt aac 


tac 
Tyr 


acc 
thr 


egt 
Arg 


tag 


get 
Ala 


cac 
His 


gat 
Asp 


gtt 
Val 


aag 
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4B 


36 


144 


182 


240 
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Ala Gly Thr Val Glo 


65 


egt 
Arg 


gct 
Ala 


cca 
Pro 


cca 
Pro 


get 
Ala 
145 


ace 
Thr 


aad 
Lys 


<210> 
<2il> 
<212> 
<213> 


get 
Ala 


cot 
Pro 


age 
Ser 


gac 
Asp 
4130 


cea 
Pro 


tot 
Ser 


tec 
Ser 


cac 
His 


gee 
Ala 


ate 
Ile 
115 


gtt 
Val 


atg 
Met 


ate 
Iie 


Bag 
Lys 


gtt 
Val 


agt 
Ser 
100 


con 


Pro 


ate 
Ila 


acc 
The 


gac 
Asp 


caa 
Gln 
180 


PRT 


etc 
Leu 
a5 


tet 
Ser 


gat 
Asp 


tac 
Tyr 


gen 
Ala 


atc 
Ile 
165 


act 
Thr 


SEQ ID NO 6 
LENGTH: 185 
TYPE: 
ORGANISM: Arabidopsis 


<400> SEQUENCE: & 


Lys Leu thr 


1 


Tle 


Pro 
Pro 
Ala 
145 


Thr 


Lys 


Ser 
Val 
Ser 
50 

Gly 
Ala 
Pro 
Ser 
Asp 
130 
Pro 


Ser 


Ser 


Leu 
fle 
a5 

Gly 
Thr 
His 
Ala 
Ile 
115 
Val 
Het 


Ile 


Lys 


Ala 


Lys 


Val 


Val 


Ser 


100 


Pro 


Gin 
160 


<210> SEQ IDB NO 
<211> LENGTH: 4 
<212> TYPE: PRT 


Val 


E) 


Asn 


Phe 


Giu 


heu 


g5 


Ser 


Asp 


Tyr 


Ala 


70 
tac 


Tyr 


gaa 
Glu 


tec 
Ser 


gct. 
Ala 


ace 
The 
1508 


tet 
Ser 


ggt 
Gly 


Val 


Asp 


Pro 


ile 


Phe 
70 


Tyr 
Giu 
Ser 
Ala 
thr 
150 


Ser 


Gly 


21 


act 
The 


gaa 
Glu 


ett 
Leu 


ttc 
Phe 
135 


etc 
Lew 


eca 


Pro P 


ont 
Pro 


Ala 


Tle 


Glu 


Ala 


55 


Ala 


Thre 


Glu 


Leu 


Phe 


135 


Leu 


Pro 


Pro 


Sp. 


Ale 


Pro 


Pro 
12¢ 
Gly 
Val 


Phe 


Ala 


get 
Ala 


tac 
tyr 
105 
gtg 
Val 


cac 
His 


tot 
ser 


gca 
Ala 


ter 
Ser 
185 


Gly 
teu 
25 


Ala 


Pro 


eget 
Arg 
30 


tec 
Ser 


att 
Ile 


ggt 
Gly 


gag 
Glu 


cca 
Pro 
170 


taa 


Ala 
10 

Asp 
Pro 
Met 
thre 
Arg 
90 

Ser 
Tle 
Gly 


Glu 


Pro 
170 
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Phe Ala Gly Leu Thr A la Ala Pro Asn Trp Lys 
80 


75 


a ag 
bys 


ttg ett cea get 
Leu Leu Pro Ala 
35 


tte 
Phe 


a ag 
Lys 


tgg atg ggt 
Trp Met Gly 
110 


egt gct ace 
Arg Ala Thr 
125 


g gt 
G ly 


egt 
Arg 


act 
Thr 


G ac cte 
H is Leu 
140 


ggt atg 
Gly Met 


ce te ctc 
i eu Lew 
155 


gca ggt 
Ala Gly 


gag 40g 
Glu Lys 
160 


aac egt 
Asn Arg 


tee ggt att ggt 
Phe Gly Iie Gly 
175 


g gt ace gao tte 
Giy Thr Glu Phe 


His Ser Lys Ser Leu Ala 
15 


T hr Glu Arg Gly Tyr His 
30 
Arg Ile Pro Thr thr Asp 
45 


G lu Met Gly Leu Arg Val 
60 


A lea Ala Pro Asn Trp Lys 
15 BO 


Lys Leu Leu Pro Ala Leu 
95 


lL ys Trp Met Gly Phe Arg 
iid 


G ly Arg Ala Thr Arg Thr 
125 


H is Leu Gly Met The Gly 
140 


L ev Lev Ala Gly Glu Lys 
155 160 


A sn Arg Phe Gly Tle Gly 
175 
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i) 
bo 


288 


336 


480 


529 


570 
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23 





“<213> ORGANISM: Arabidepsis sp- 


<40G> SEQUENCE: 7 


Gly Thr Glu Phe 
1 


<210> SEQ ID NO @ 
<2ii> LENGTH: 1138 


<212> TYPE: 


DNA 


e213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Plasmid 


<400> SEQUENCE: @ 


aagettgcat 
atcaaagata 
tocggasacc 
gaaaaggaag 
gatgeetctg 
aaaagaagac 
geacgacaca 
aattgagact 
tatetgtcac 
ttgcgataaa 
aceecccaccce 
aagtggattg 
egeaagaccc 
ttacaacast 
Gaccatggat 
aagtttctta 
qaattacgtt 
ttttatgatt 


egcanactag 


gectgcaggt 
cagtctcaga 
tecteggatt 
gqtggctecta 
ccgacagtgy 
gttecaacca 
ottgtctact 
tttcaacaas 
tttattgtga 
ggaaaggeca 
acgaggagca 
atgtgatate 
ttectctata 
taccaacaac 
eoceggytac 
agattgaate 
aagcatgtaa 
agagtceege 


gatasattat 


<210> SEQ ID NO 9 
<21i> LENGTH: 1138 


<212> TYPE: 


DNA 


<213> ORGANISM: Artificial 
<220> FEATURE: 
<223> OTHER INFORMATION: Plasmid 


<400> SEQUENCE: 9 


gasttcccga 
etatatttt, 
teatetcata 
cagaaattat 
ttgccaaatg 
ategtaanta 


atactegagg 


tetagtaacsa 
ttttotateg 
aataacgtca 
atgataatca 
tttgaacgat 
gtaattgtaa 


toctctecaa 
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24 


-continued 
péMgal 
caaeatggtg gagcacgaca cacttgtcta tecaaaeat 60 
agaccassgy gcaattgaga cttttcaace agggteata 120 
ceattgeecs getatetgte actttattgt aagatagtg 180 
Gaaatgecat cattgegata aaggaaagge ategttgaa 246 
toecaaagat ggacceecac cracgaggag ategtggaa 300 
egtcttenaa geaagtggat tgatgtgata catggtgga 360 
ccaazasctat caaagataca gtctcagaag A ccaAaaggge 420 
gggtantate cggaaaccte cteggattec ttgeccage 485 
agatagtgga asaggaaggt ggetcctace atgeratca 540 
tegttgaaga tyectctgee gacagtggtc caangatag 606 
tegtgqgaasa aagaagacgt tecaaccacyg ettcaaage 660 
tecactgacg taagggatga cqcacaatcc actatectt 720 
taaggqaagtt catttcattt ggagagygacc cgagtattt 780 
@acasscaac aaacaacatt acaattacts ttacaatta 840 
egagetcgaa tttececgat cgttcasaca ttggraate 900 
etgttgceqg tettgegatg attatcatat atttetgtt $60 
taattaacat gtaatgeatg acgttattta gagatgggt 1020 
fattatacat ttaatacgeg astaganasca eatatageg 1080 
egegegeggt gtcatctatg ttactagatc ggaattc 1139 
pHJB1 
tagatgacac cgegtgegat aatttatcct gtttgegeg 60 
cgtattaaat gtataattge gggactctaa cataaaaac 120 
tgcattacat gttaattatt acatgcttaa gtaattcaa 186 
tegeaagace ggcaacagga ttcastctta gasacttta 240 
eggggaaatt cyageteggt acecggggat catggtgta 306 
tgttgtttgt tgtttgttgt tgttggtaat gttgtaaaa 369 
atgnaatgaa cttccttata tagaggaagg tettgegaa 420 
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ggatagtggg 
ttigaagacg 
atetttggga 
atggcatttyg 
tgggenatgg 
eatttggtct 
caccatgtts 
cracgatget 
caacgatgge 
etatettcac 
ttaccetttyg 


ttttggagta 


25 
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attgtgegte ateceottacg teagtggaga tatcacatca a tecacttge 


tggttggaac gtettetttt 
ceactgtegg cagaggeatc 
taggageeac ecttactttte 
aatcegagga ggtttcegga 
tetgagactg tatetttgat 
tcacatecaat ceacttgett 
ectegtgggt gggqgtccat 
ctttecttta tegcaatgat 
aataaagtga cagatagctg 
stgaanagtc tcaattgeec 


gacaagtgtg tegtgetcca 


“210> SEQ ID NO i0 
<211> LENGTH: 460 


<212> TYPE: 
<213> ORGANISM: 


DNA 


<220> FEATURE: 
<221> NAME/KEY: CDS 


<222> LOCATION: 


<400> SEQUENCE: 10 


aag ctt ace atg get caa 
Lys Leu Thr Met Ala Gin 


cea tet ett ate tee aat 
Pro Ser Leu Jie Ser Asn 


20 


tka teg gtt tet ctg aag 
Leu Ser Val Ser Leu Lys 


35 


teg teg teg tgg gga tty 
Ser Ser Ser Irp Gly Leu 


50 


gag ctt cgt 


cet ctt ang 


Glu Leu Arg Pro Leu Lys 


78 


ctt cac ggt goa age age 
Leu His Gly Ala Ser Ser 


a5 


ett tet gga acc gte cgt 
feu Ser Gly Thr val Arg 


100 


tee tte atg ttt gga ggt 
Ser Phe Met Phe Gly Gly 
115 


ett ttg gaa gqgt gaa gat 
Leu Leu Glu Gly Glu Asp 


130 


atg ggt gece agg ate cty 
Met Gly Ala Arg Ile Leu 


145 


150 


<210> SEQ ID NO 11 
<2ii> LENGTH: 151 


(1) +. (456) 


gtt 
Val 


etc 
Leu 


acg 
Thr 


aeag 
Lys 
55 


gtc 
Val 


ogt 
Arg 


att 
Iie 


ete 
Leu 


gtt 
Val 
335 


ttg 
Leu 


Petunia hybrida 


age 
Ser 


teg 
Ser 


cag 
Gin 
40 


aag 


Lys 


atg 
Met 


cca 
Pro 


cca 
Pro 


gct 
Ala 
126 


ate 
Ile 


tga 


ttecacgatg ctccregtag g tgggggtce 


tteaacgatg geetttectt t atcgcaatg 


eactatctte acaataaagt g acagatage 


tattacectt tgttganasag t ctcaattge 


attttiggag tagacaagtg t gtegtgetc 


tgaagacgtg gttggaacgt « ttetttttt 


etttgggace actgteggea g aggeatctt 


ggcatttgta qgagceacct t cettttcca 


ggcaatggaa tecgeagygagyg t ttecggata 


thtggtette tgagactgte t ctttgatat 


geatgttgac etgeaggeat g caagett 


aga 
Arg 


aaa 
Lys 
25 


cag 
Gin 


agt 
Ser 


tet 
Ser 


gca 
Ala 


ggt 
Gly 
105 


age 
Ser 


aac 
Asn 


atte 


act 
Thr 


t go aat ggt gtg cag aac 
C ys Asn Gly Val Gln Asn 
15 


& gt caa cgc aaa tet cee 
S er Gln Arg Lys Ser Pro 
30 


¢ ca cga get tat cog att 
P ro Arg Ala Tyr Pro Lle 
4S 


atg acg tta att ggc tot 
M at Thr Leu Tle Gly Ser 
60 


g tt tee acg gcog tgt atg 
Val Ser Thre Ala Cys Met 
75 BG 


g ot egt aag tec tet ggt 
A la Arg Lys Ser Ser Giy 
95 


a ag tet ate toc cac agg 
Loys Ser Iie Ser His Arg 
110 


g ae act cgt ate ace ggt 
G lu The Arg tle Thr Gly 
125 


g gt sag get atg caa get 
G ly Lys Ala Met Gin Ala 
140 


Filed 02/10/2006 


26 


$80 


1020 
2080 


1138 


40 


36 


144 


192 


240 


298 


3B4 


432 


460 
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<2132> 
<213> 


<400> 


bys Leu Thr Het Ala 


i 


heu 


ser 


Ser 


Ser 


Ser 


27 


TYPE: PRI 
ORGANISM: Petunia hybrida 
SEQUENCE: 11 


Gin Val Ser 


5 


lle 
20 


Len Asn Leu Ser 


Val Ser Leu Lys Thr Gin 
35 40 


Ser Trp Gly Leu Lys Lys 


50 §5 


Glu Leu 


65 


Leu 


Leu Ser Gly Thr Val 


Ser 


heu 


Met Gly Ala 


145 


<210> 
<211> 
<212> 
<213> 
<220> 
<221> 
<222> 


<400> 


aag ctt agg atc 
Lys Leu Arg Tle Arg 


1 


ggt 


Gly Asn 


get 
Ala 


tte 


Phe Asp 


ggt 


Gly Arg Val Leu Asn 


65 


gaa 
Glu 


acg 
The 


get 
Ala 


gag 


His 


Phe 


Leu 
130 


cca 


Arg Pro Leu Lys Val Met 


76 
Gly Ala Ser 
B5 


Ser Arg Pro 


Arg Lle Pro 


Met 
115 


Phe Gly Gly Leu Ala 


120 
Giu Gly Glu 


Asp Val Ile 


135 
tle 


beu Leu 


150 


SEQ ID NO 12 
LENGTH: 660 

TYPE: DNA 
ORGANISH + 
FEATURE: 

NAME/KEY: 
LOCATION: 


Petunia hybrida 


cbs 
(1)-- (660) 


SEQUENCE: 12 


ggt 
Gly 


gga 
Gly 
20 


act ggt 
The Gly 
35 40 


age 
Ser 


tac 
Thr Tyr 


get 
Ala 


act 


Arg 
Lys 
25 


Gin 


Ser 


Ser 


Ala 


Gly 
105 


Ser 


Asn 


gat 
Asp 


gag 
Glu 
25 


atg 
Met 


get 
Ala 


gaa 
Gla 


ace 
Thr 


atg 
Met 
105 


acc 
Thr 


act 


Tle 
10 


Ser 


His 


Sly 


Ser 


Thr 
90 


Asp 


Gly 


Thr 


act 
Thr 
10 


get 
Ala 


ggt 
Gly 


tet 
Ser 


atg 
Met 


tkg 
Leu 
90 


gct 
Ala 


cca 
Pro 


gaa 
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-continued 





C ys Asn Gly Val Gln Asn 
i5 


S er Gin Arg Lys Ser Pro 
36 


Pro Arg Ala Tyr Pro fle 
45 


Met Thr Leu Ile Gly Ser 
60 


Val Ser Thr Ala Cys Met 
75 86 


A la Arg Lys Ser Ser Gly 
$5 


L ys Ser Ile Ser His Arg 
110 


G lu Thr Arg Ile Thr Gly 
128 


G ly Lys Ala Met Gin Ala 
140 


ate att gat ggt gtt 
T rp Tle Tle Asp Gly Val 
15 


ete gat tte ggt aac 
Leu Asp Phe Gly Asn 
30 


tac 
Tyr 


gtt ggt gtt 
1, eu Val Gly Val 
45 


gat 
Asp 


Gc te act aag 
Leu Thr Lys 
60 


egt 
Arg 


cca 
Pro 


atg 
Met 


g gt gty cag gty ang tect 
G ly Val Gln Val Lys Ser 
5 80 


G gt 
Ary 


gga cca sag act 
Gly Pro Lys Thr 
95 


cas 
Pro 


t cc get caa gtg aag 
Ala Gln Val Lys 
110 


tec 
Ser 


ate ace act gtt 
Ile The The Val 
125 


atc 
Tle 


otg ctt cae ggt ttt 
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-continued 


Glu Pro Ile Met Thr Arg Asp His Thr Giu L ys Met Leu Gln Gly Phe 


130 


aac 
Asn 


ggt 
Gly 
145 


get 
Ala 


ett ace gtt 
teu Thr Val 
159 


ott 
Leu 


egt 
Arg 


gaa 
Glu 


ggt cot ggt 
Gly Arg Gly 
165 


cee 
Pro 


tee 
Ser 
180 


tet act 
Ser Thr 


ggt gat 
Gly Asp 


cca 
Pro 


aco 
Thr 


ggt 
Gly 


tee gac gte 
Ser Asp Val 
198 


act 
Thr 


atc 
Tle 


act 
Thr 


ggt ctc 
Gly Leu 
210 


ttg 
bev 


<210> SEQ ID NO 13 
<2ii> LENGTH: 220 

<212> TYPE: PRT 

<213> ORGANISM: Petunia 


<400> SEQUENCE: 13 


Lys Leu Arg Tle Arg Lys 
i § 


Gly Asn Gly Gly Leu 


20 


Lew 


Ala Ala Thr 


35 


Gly Cys Arg 


Asp 
50 


Ser Thr Phe Ile 


Arg Val Leu Asn Pro 
65 70 
Asp Gly Leu 


Asp Arg 


85 


the 
100 


Pro Tyr Arg 


Ala Val Leu Ala Gly 


Glu Pro Met Thr 


130 


Arg 


Ala Asn Thr Val 


156 


Leu 


Leu Glu Gly Arg 


165 


sly 


Asp Pro Ser Ser Thr 


180 
Pre Thr 


Gly Ser Asp Val 


195 
Thr 


Gly Leu Tle 


210 


Leu Thr 


<210> 
e21ll> 
<212> 
<213> 
<220> 


SEQ ID NO 14 
LENGTH: 547 

TYPE: DNA 
ORGANISM: Petunia 
FEATURE: 


135 


act 
The 


gag 
Glu 


che 
Lea 


aag 
Lys 


gct tte 
Ala Phe 


ate 
Tile 


ett 
Lew 
200 


etg 
Lev 
215 


cag 
Gln 


hybrida 


Glu Gly 


Ala Pro 
Leu 
Gly Asp 
55 

Ley 
Pro Val 
Val 


Pro 


Asn 
420 


Leu 


Asp His 


135 


Glu Thr 


Lys Leu 


Ala Phe 


Ile Leu 


260 


Leu Gin 


215 


hybrida 


gat 
Asp 


acc 
The 


cca 
Pro 
1B5 


aac 


Asn 


tgt 
Cys 


Asp 
Glu 
25 

Met 
Ala 
Glu 
Thr 
Met 
105 
Thre 


Thr 


Asp 


got 
Ala 


ggt 
Gly 
170 


ttg 
Leu 


get 
Vai 


tgt 
Cys 


The 
19 

Ala 
Gly 
Ser 
Met 
Leu 
90 

Ala 
Pro 


Glu 


Ala 


240 


g ac 
A BP 
155 


gtg cgt ace atc 
Val Arg Thr Ile 
160 


ggt 
Gly 


c ant 
Gln 


att gat gtt 
Tle Asp Val 
175 


cca 
Pro 


gtg 
Val 


g tt 
Val 


gee ttg ett 
Ala Leu Leu Val 
190 


t tg 
Leu 


atg aac cea ace 
Met Asn Pro Thr Arg 
205 


gq aa tte 
G lu Phe 
220 


T rp Ile Ile Asp Gly Val 
is 


P ro Leu Asp Phe Gly Asn 
30 


L eu Val Gly Val Tyr 
4s 


Asp 


% eu The Lys Arg Pro Met 


6G 


G ly Val Gln Val Lys Ser 
75 80 


A rg Gly Pro Lys Thr Pro 
95 


S er Ala Gin Val Lys Ser 
119 


G ly Ile Thr Thr Val Ile 
125 


lL ys Met Leu Gln Gly Phe 
140 


A sp Giy Vai Arg Thr fle 
155 166 


G ln Val Ile Asp Val Pra 
175 


Val Ala Ala Leu Leu Val 
190 


lL. eu Met Asn Pro Thr Arg 
205 


G lu Phe 
226 
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<221> NAME/KEY: CDS 
<222> LOCATION: 


<400> SEQUENCE: 


acy 
hys 
i 


ett 
Leu 


‘tg 
Leu 


gag 
Glu 


gtt 
Val 
65 


tet 
Ser 


ggt 
Gly 


ggt 
Gly 


get 
Ala 


gtt 
val 
245 


ttg 


teu 


get. 
Ala 


<210> 
<211> 
<212> 
<213> 


ott 
Leu 


got 
Ala 


aag 
Lys 


tat 
Tyr 
50 


atg 
Met 


get 
Ala 


gag 
Glu 


aac 
Asn 


atg 
Met 
130 


gat 
Asp 


atg 
Net 


tga 


ctg cag 
teu Gln 


ggt 
Sly 


gga 
Gly 
20 


agt 
Gly 
35 


gtt 
val 


cca 
Pro 


att 
Tle 


aac 
Asn 


ggt 
Gly 


gte 
Val 


gca 
Ala 


act 
Thr 


tect 
Ser 
100 


tet 
Ser 


get 
Alo 
115 


age 
Ser 


tte 
Phe 


gat 
Asp 


get 
Ale 


got 
Ala 


ggt 
Gly 


31 


(1) .. (534) 


14 


act 
Thr 


cet 
Leu 
165 


atg 
Met 


gac 
Asp 


gtt 
val 


get 
Ala 


goa 
Glu 
70 


ggt 
Gly 


gtc 
Val 


gca 
Ala 


gtk 
Val 


atg 
Met 
150 


gga 
Gly 


tgagetcgaa tte 


<400> SEQUENCE: 


Lys Leu Leu Gln 


1 


hew 
Leu 
Glu 
val 
65 


Ser 


Gly 


Ala 


Lys 


Glu 


Gly Gly 
20 

Gly Vel 

35 

Pro fle 

Asn Gly 


Val Ala 


The Ser 


SEQ ID WO 15 
LENGTH: 
TYPE: PRT 
ORGANISM: 


177 


Petunia 


Ley 


Asn 
85 


Leu 


Net 


Asp 


Val 


Ala 


Glu 


70 


Gly 


Val 


ggt 
Gly 


gtg 
Val 


cca 
Pro 


gtt 
Val 
55 


gaa 
Glu 


ete 
heu 


gtg 
Val 


got 
Ala 


atg 
Met 
135 


ate 


Tle 


got 
Ala 


gcc 
Ala 


hybrida 


Gly 


Val 


Pra 


Val 


55 


Glu 


Leu 


Val 


Ala 


Ala 


Glu 


40 


Ala 


Leu 


Lys 


arg 


ate 
tle 


Asp 


Asp 


25 


Asp 


Ala 


Arg 


Leu 


Gly 


fle 
10 

Leu 
Arg 
Ala 
Val 
Asn 
30 


Arg 
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~continued 





gq an 
Glu 


gty ate asc cca 
Val Ile Asn Pro 
15 


egt 
Arg 


act 
thre 


G qt 
Arg 


gtt egt tet tect 
val Arg Ser Ser 
30 


oot tet 
Pro Ser 
45 


ate 
tle 


g ct 
Ala 


atg 
Ket 


gac 
Asp 


t te get gaa 
P he Ala Glu 
66 


ace 
The 


ggt 
Gly 


got 
Ala 


a ag 
Lys 
78 


gea age 
Glu Ser 


gac 
Asp 


cgt ctt 
Arg Leu 
a0 


gtt gat 
Val Asp 


g gt tgc gat 
Cys Asp 


95 


gaa 
Glu 


cte 
Leu 


gac ggt sag 
Asp Gly Lys 
110 


ggt 
Gly 


ste gat 
Leu Asp 
125 


cac 
His 


egt 
Arg 


ate 
Tle 


act 
The 


eet 
Pro 


t ct gaa aac 
S er Glu Asn 
140 


git 
Val 


tte 
Phe 


t te cea gag 
P he Pro Glu 
155 


atg gat 
Met Asp 
160 


ec te tee gac 
L eu Ser Asp 


act aag got 
Thr Lys Ala 
175 


G lu Val Tle Asn Pro Arg 
15 


A rg Val Arg Ser Ser Thr 
30 


A la Pro Ser Met Ile Asp 
45 


Phe Ala Glu Gly Ala Thr 
60 


Lys Glu Ser Asp Arg Leu 
75 bo 


G ly Val Asp Cys Asp Glu 


95 


Pro Asp Gly Lys Gly Lev 


Filed 02/10/2006 


32 


4B 


96 


144 


192 


240 


288 


336 


384 


432 


486 


Page 49 of 53 


Case 1:04-cv-00305-SLR Document 293-3 


US 6,380,463 B1 
33 


~continnued 





100 105 10 


Gly Asn Ala Ser Gly Ala Ala Val Ala Thr E is Leu Asp His Arg Ile 
Lis 120 125 


Ala Met Ser Phe Leu Val Met Gly Leu Val S er Glu Asn Pro Val Thr 
136 135 140 


Val Asp Asp Ala Thr Met Ile Ala Thr Ser P he Pro Glu Phe Met Asp 
245 150 155 160 


Leu Met Ala Gly Lew Gly Ale Lys Ile Glu L eu Ser Asp Thre Lys Ala 
165 176 175 


Ala 


<210> SEQ ID NO 16 

<21ll> LENGTH: 45 

<2i2> TYPE: DNA 

<21J> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic 


<400> SEQUENCE: 16 


aggetgcttg atgagctcgg taccegggga teeatggage cqaat 


<210> SEQ ID NO 17 

<2ll> LENGTH: 18 

<212> TYPE: DNA 

<2i4> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<400> SEQUENCE: 17 


aattagggge atgeceet 


<210> SEQ ID NO 18 

<2il> LENGTH: 24 

<212> TYPE: DNA 

<2i3> ORGANISM: Artificial 

<220> FEATURE: 

<22]3> OTHER INFORMATION: linker 


<400> SEQUENCE: 18 


gocactcgag ctaggtacce tgca 


<210> SEQ ID NO 15 

<2ll> LENGTH: 22 

<2i2> TYPE: DNA 

<213> ORGANISM? Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<400> SEQUENCE: 19 

aattcatttg cqgecgenaas tg 

<210> SEQ ID NO 20 

<2ll> LENGTH: 22 

<212> TYPE: DNA 

<2i3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 
<400> SEQUENCE: 20 

catttyegge cgcaaatggt ac 


<210> SEQ ID NO 21 
<21li> LENGTH: 20 
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<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<400> SEQUENCE: 21 


agettgeage gygcegetgcea 


<210> SEQ ID NO 22 

<21ll> LENGTH: 20 

<212> TYPE: DNA 

<21]> ORGANISM: Artifeial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<400> SEQUENCE: 22 


agetegeage ggceegetgea 


<210> SEQ ID NO 23 

<2li> LENGTH: 20 

<212> TYPE: DNA 

“213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<400> SEQUENCE: 24 


gegtegeegg cgacgttcga 


<210> SEQ ID NO 24 

<21ll> LENGTH: 20 

<212> TYPE: DRA 

<2l3> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Linker 


<A00> SEQUENCE: 24 


egatgesgee atggetygeat 


<210> SEQ ID NO 25 

<2ll> LENGTH: 28 

<212> TYPE> DNA 

<213> ORGANISM: Artificial 
<220> FEATURE: 


<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 25 


etegagtatt tttacaacan traccaac 


<2i0> SEQ ID NO 26 

<2l]> LENGTH: 22 

“212> TYPE: DNA 

<213> ORGANISM: Artificial 
<220> FEATURE: 


<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 26 


aatcanggts accttgaate ca 


<210> SEQ ID RO 27 

<2ii> LENGTH: 26 

<€232> TYPE: DNA 

<213> ORGANISM: Artificial 
<220> FEATURE: 


<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 27 
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~continued 





naman veya 





accaccaacg gtgttettge tgttga 


<210> SEQ ID NO 28 

<21l> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonucleotide 


<A400> SEQUENCE: 28 


geattacatg ttaattatta catgett 


<210> SEQ ID NO 29 

<2li> LENGTH: 28 

<Z12> TYPE: DNA 

<213> ORGANISH: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 29 


gtgatacgag tttenaceyet agegagac 


<210> SEQ ID NO 30 

<241> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 30 


taccttgegt ggaccanaga ctcc 


<210> SEQ ID NO 3i 

<21li> LENGTH: 19 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonuciectide 


<400> SEQUENCE: J] 


gtcaacatgg tggagcacg 


<220> SEQ ID No 32 

<2ll> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonucleotide 


<400> SEQUENCE: 32 

gtgagagttt atgactggag gegcatc 

<210> SEQ ID NO 33 

<2Zil1l> LENGTH: 24 

<212> TYPE: DNA 

<@ij> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: Oligonucleotide 
<400> SEQUENCE: 33 


gtecgcacgg agagccacaa acga 
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What is claimed is: 

1. A plant gene expression cassette comprising a first 
promoter operatively linked with a nucleotide sequence 
encoding the alcR protein, aud an inducible promoter opera- 
tively linked to a glyphosate oxidase gene, said inducible 
promoter being activated by the alcR protein in the presence 
of a chemical inducer. 

2. The plant gene expression cassette according to claim 
1, wherein the inducible promoter is selected from the group 
consisting of alcA, alcR, aldA and a chimeric alcA/CaMV35 
promoter. 

3. Aplant gene expression cassette comprising a promoter 
selected from the group consisting of alcA, alcR, aldR and 
a chimeric alcA/CaMV35 promoter operatively linked to a 
glyphosate oxidase gene 

4, The plant gene expression cassette according to claim 
2 wherein the inducible promoter is a chimeric promoter. 

5. A plant cell containing a plant expression cassette 
according to claim 3. 

6. The plant cell according to claim 5, wherein the plant 
gene expression cassette is stably incorporated in the plant’s 
genome. 

7 A plant tissue comprising the plant cell according to 
claim 5. 

8 A method of controlling herbicide resistance compris- 
ing transforming a plant cell with the plant gene expression 
cassette of claim 3. 

9. A plant gene expression cassetle comprising a first 
promoter operatively linked to a first target gene which 
codes for a 5-enol-pyruvylshikimate 3-phosphonate syn- 
thase; and a second inducible promoter operatively linked to 
a second larget gene coding for a glyphosate oxidase, said 


19 


a5 


30 


40 


second inducible promoter being activated by the alcR 
protein in the presence of a chemical inducer. 

10. The gene expression cassette according to claim 9 
wherein the first promoter is a constitutive promoter 

11 Aplant cell containing a plant gene expression casselte 
according to claim 1. 

12. A plant cell containing a plant gene expression cas- 
sette according to claim 9 

13. A plant containing a plant gene expression cassetle 
according to claim 3. 

14. A plant containing a plant gene expression cassette 
according to claim 1, 

15. A plant containing a plant gene expression cassette 
according to claim 9. 

16. A method of controlling herbicide resistance compris- 
ing transforming a plant cell with the plant gene expression 
cassette of claim 1. 

17. Aroethod of controlling herbicide resistance compris- 
ing transforming a plant cell with the plant gene expression 
cassette of claim 9. 

18. A method of controlling weeds in a field of plants, 
wherein said field of plants is comprised of plants of claim 
13, 14 or 15, comprising applying to said field a weed 
controlling amount of the herbicide N-phosphonomethy!- 
glycine and an activating amount of a chemical inducer 
whereby application of the chemical inducer causes expres- 
sion of glyphosate oxidase. 

19. The method of claim 18 wherein said chemical 
inducer is an alcohol or ketone. 

20, The method of claim 19 wherein said chemical 
inducer is ethanoi. 
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